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ISOFORMS OF THE HUMAN VITAMIN D RECEPTOR 

Field of the Invention :- 

The present invention relates to isolated polynucleotide molecules 
5 which encode novel isoforms of the human Vitamin D receptor (hVDR) or 
variant transcripts for hVDR. The polynucleotide molecules may be utilised 
in, for example, methods of screening compounds for VDR agonists and/or 
antagonists. 

10 Background of the Invention :- 

The active hormonal form of vitamin D, 1,25-dihydroxyvitamin D 3 
(1.25(OH) 2 D 3 ), has a central role in calcium and phosphate homeostasis, and 
the maintenance of bone. Apart from these calcitropic effects, l,25-{OH) 2 D 3 
has been shown to play a role in controlling cell growth and differentiation in 

15 many target tissues. The effects of l,25-(OH) 2 D 3 are mediated by a specific 
receptor protein, the vitamin D receptor (VDR), a member of the nuclear 
receptor superfamily of transcriptional regulators which also includes 
steroid, thyroid and retinoid receptors as well as a growing number of orphan 
receptors. Upon binding hormone the VDR regulates gene expression by 

20 direct interaction with specific sequence elements in the promotor regions of 
hormone responsive target genes. This transactivation or repression involves 
multiple interactions with other protein cofactors, heterodimerisation 
partners and the transcription machinery. 

Although a cDNA encoding the human VDR was cloned in 1988 (1), 

25 little has been documented characterising the gene structure and pattern of 
transcription since that time. The regulation of VDR abundance is one 
potentially important mechanism for modulating 1.25-(OH) 2 D 3 
responsiveness in target cells. It is also possible that VDR has a role in non- 
transcriptional pathways, perhaps via localization to a non-nuclear 

30 compartment and/or interaction with components of other signalling 

pathways. However, the question of how VDRs are targetted to different cell 
types and how they are regulated remains unresolved. There have been many 
reports in the literature describing translational or transcriptional control of 
VDR levels, both homologously and heterologously, mostly in non-human 

35 systems. 
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A recent study (2) showed that in the kidney, alternative splicing of 
human VDR transcripts transcribed from a GC rich promoter generates 
several transcripts which vary only in their 5* UTRs. The present inventors 
have now identified further upstream exons of the VDR gene which generate 
5 5' variant transcripts, suggesting that the expression of the VDR gene is 
regulated by more than one promoter. A subset of these transcripts is 
expressed in a restricted tissue-specific pattern and further variant transcripts 
have the potential to encode an N-terminally variant protein. These results 
may have implications for understanding the actions of l,25-(OH> 2 D 3 in 

10 different tissues and cell types, and the possibility that N-terminally variant 
VDR proteins may be produced has implications for altered activities such as 
transactivation function or subcellular localisation of the receptor protein. 
Furthermore, these variants, by their level, tissue specificity, subcellular 
localisation and functional activity, may yield targets for pharmaceutical 

15 intervention. The variants may also be useful in screening potential analogs 
and/or antagonists of vitamin D compounds. 

Disclosure of the Invention :- 

In a first aspect the invention provides an isolated polynucleotide 
20 molecule encoding a human Vitamin D receptor (hVDR) isoform, said 

polynucleotide molecule comprising a nucleotide sequence which includes 
sequence that substantially corresponds or is functionally equivalent to that 
of exon Id of the human VDR gene. 

Exon Id (referred to as exon lb in the Australian Provisional Patent 
25 Specification No. PO9500) is a 96 bp exon located 296 bp downstream from 
exon la (2). The sequence of exon Id is: 

5'GTTTCCTTCTTCTGTCGGGGCGCCTTGGCATGGAGTGGAGGAATAAGAA 

AAGGAGCGATTGGCTGTCGATGGTGCTCAGAACTGCTGGAGTGGAGG3' 
30 (SEQIDNO: 1). 

The nucleotide sequence of the polynucleotide molecule of the first 
aspect of the invention, preferably does not include sequence corresponding 
to that of exon la, exon If and/or exon le. However, the nucleotide sequence 
35 of the polynucleotide molecule of the first aspect of the invention, may or 
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may not include sequence that substantially corresponds or is functionally 
equivalent to that of exon lb and/or exon lc. 

Preferably, the polynucleotide molecule of the first aspect comprises a 
nucleotide sequence which includes; 

(i) sequence that substantially corresponds or is functionally 
equivalent to that of exons id, lc and 2-9 and encodes a VDR isofonn of 
approximately 477 amino acids, 

(ii) sequence that substantially corresponds or is functionally 
equivalent to that of exons Id and 2-9 and encodes a VDR isofonn of 
approximately 450 amino acids, or 

(iii) sequence that substantially corresponds or is functionally 
equivalent to that of exons id and 2-9 and further includes a 152 bp intronic 
sequence, and encodes a truncated VDR isofonn of approximately 72 amino 
acids. 

Most preferably, the polynucleotide molecule of the first aspect of the 
invention comprises a nucleotide sequence substantially corresponding to 
that shown as SEQ ID NO; 2, SEQ ID NO: 3 or SEQ ID NO: 4. 

In a second aspect, the invention provides an isolated polynucleotide 
molecule encoding a human Vitamin D receptor (hVDR), said polynucleotide 
molecule comprising a nucleotide sequence which includes sequence that 
substantially corresponds to that of exon If and/or le of the human VDR 
gene. 

Exon If is a 207bp exon located more than 9kb upstream from exon la 
(2) bp upstream from exon lc(8). The sequence of exon If is: 



5TGCGACCTTGGCGGTGAGCCTGGGGACAGGGGTGAGGC 

CAGAGACGGACGGACGCAGGGGCCCGGCCCAAGGCGAGGG 

AGAACAGCGGCACTAAGGCAGAAAGGAAGAGGGCGGTGTG 

TTCACCCGCAGCCCAATCCATCACTCAGCAACTCCTAGAC 

GCTGGTAGAAAGTTCCTCCGAGGAGCCTGCCATCCAGTCGT 

GCGTGCAG3' (SEQ ID NO: 5) 



Exon le is a 157 bp exon located 1826bp upstream from exon la (2). 
The sequence of exon le is: 
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5 ' AGGC AGC ATGAAAC AGTGGG ATGTGC AG AG 
AGAAGATCTGGGTCCAGTAGCTCTGACACTCCTCAGCTGT 
AGAAACCTTGACAACTCTGCACATCAGTTGTACAATGGAA 
5 CGGTATTTTTTACTCTTCATGTCTGAAAAGGCTATGATAA 
AGATCAA3' (SEQ ID NO: 6) 

The nucleotide sequence of the polynucleotide molecule of the second 
aspect of the invention, preferably does not include sequence corresponding 

10 to that of exon la, Id or lb. However, the nucleotide sequence of the 

polynucleotide molecule of the second aspect of the invention, may or may 
not include sequence that substantially corresponds or is functionally 
equivalent to that of exon lc. 

Preferably, the nucleotide molecule of the second aspect comprises a 

15 nucleotide sequence which includes sequence that substantially corresponds 
or is functionally equivalent to that of exons If and 2-9. 

Most preferably, the polynucleotide molecule of the first aspect of the 
invention comprises a nucleotide sequence substantially corresponding to 
that shown as SEQ ID NO: 7. 

20 The polynucleotide molecule of the first or second aspects may be 

incorporated into plasmids or expression vectors (including viral vectors), 
which may then be introduced into suitable host cells (e.g. bacterial, yeast, 
insect and mammalian host cells). Such host cells may be used to express 
the VDR or functionally equivalent fragment thereof encoded by the isolated 

25 polynucleotide molecule. 

Accordingly, in a third aspect, the present invention provides a host 
cell transformed with the polynucleotide molecule of the first or second 
aspect. 

In a fourth aspect, the present invention provides a method of 
30 producing a VDR or a functionally equivalent fragment thereof, comprising 
culturing the host cell of the first or second aspect under conditions enabling 
the expression of the polynucleotide molecule and, optionally, recovering the 
VDR or functionally equivalent fragment thereof. 

Preferably, the host cell is of mammalian origin. Preferred examples 
35 include NIH 3T3 and COS 7 cells. 
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In a preferred embodiment, the VDR or functionally equivalent 
fragment thereof is localised to a cell membrane or other subcellular 
compartment as distinct from a nuclear localisation. 

The polynucleotide molecules of the first aspect of the invention 
5 encode novel VDR isoforms which may be of interest both clinically and 
commercially. By using the polynucleotide molecule of the present 
invention it is possible to obtain VDR isoform proteins or functionally 
equivalent fragments thereof in a substantially pure form. 

Accordingly, in a fifth aspect, the present invention provides a human 
10 VDR isoform or functionally equivalent fragment thereof encoded by a 

polynucleotide molecule of the first aspect, said VDR isoform or functionally 
equivalent fragment thereof being in a substantially pure form. 

In a sixth aspect, the present invention provides an antibody or 
antibody fragment capable of specifically binding to the VDR isoform of the 
15 fourth aspect. 

The antibody may be monoclonal or polyclonal, however, it is 
presently preferred that the antibody is a monoclonal antibody. Suitable 
antibody fragments include Fab, F(ab') 2 and scFv. 

In an eighth aspect, the present invention provides a non-human 
20 animal transformed with a polynucleotide molecule according to the first or 
second aspect of the invention. 

In a seventh aspect, the invention provides a method for detecting 
agonist and/or antagonist compounds of a VDR isoform of the fourth aspect, 
comprising contacting said VDR isoform, functionally equivalent fragment 
25 thereof or a cell transformed with and expressing the polynucleotide 

molecule of the first aspect, with a test compound under conditions enabling 
the activation of the VDR isoform or functionally equivalent fragment 
thereof, and detecting an increase or decrease in the activity of the VDR 
isoform or functionally equivalent fragment thereof. 
30 An increase or decrease in activity of the receptor or functionally 

equivalent fragment thereof may be detected by measuring changes in 
interactions with known cofactors (e.g. SRC-1, GRIP-1 and TFIIB) or 
unknown cofactors (e.g. through use of the yeast dual hybrid system). 

In a ninth aspect, the present invention provides an oligonucleotide or 
35 polynucleotide probe comprising a nucleotide sequence of 10 or more 

nucleotides, the probe comprising a nucleotide sequence such that the probe 
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specifically hybridises to the polynucleotide molecule of the first or second 
aspect under high stringency conditions (Sambrookef aL, Molecular Cloning: 
a laboratory manual, Second Edition, Cold Spring Harbor Laboratory Press). 
Preferably, the probe is labelled. 
5 In a tenth aspect, the present invention provides an antisense 

polynucleotide molecule comprising a nucleotide sequence capable of 
specifically hybridising to an niRNA molecule which encodes a VDR encoded 
by the polynucleotide molecule of the first or second aspect, so as to prevent 
translation of the mRNA molecule. 
10 Such antisense polynucleotide molecules may include a ribozyme 

region to catalytically inactivate mRNA to which it is hybridised. 

The polynucleotide molecule of the first or second aspect of the 
invention may be a dominant negative mutant which encodes a gene product 
causing an altered phenotype by, for example, reducing or eliminating the 
15 activity of endogenous VDR. 

In an eleventh aspect, the invention provides an isolated 
polynucleotide molecule comprising a nucleotide sequence substantially 
corresponding or, at least, showing >75% (preferably >85% or, even more 
preferably, >95%) seqtience identity to: 

20 

(i) 5'TGCGACCTTGGCGGTGAGCCTGGGGACAGGGGTGAGGCCAGAGA 
CGGACGGACGCAGGGGCCCGGCCCAAGGCGAGGGAGAACAGCGGCACTA 
AGGCAGAAAGGAAGAGGGCGGTGTGTTCACCCGCAGCCCAATCCATCAC 
TCAGCAACTCCTAGACGCTGGTAGAAAGTTCCTCCGAGGAGCCTGCCATC 

25 CAGTCGTGCGTGCAG 3'(exon If) (SEQ ID NO: 5), 

(ii) 5'AGGCAGCATGAAACAGTGGGATGTGCAGAGAGAAGATCTGGGTC 
CAGTAGCTCTGAGACTCCTCAGCTGTAGAAACCTTGACAACTCTGCACAT 
CAGTTGTACAATGGAACGGTATTTTTTACTCTTCATGTCTGAAAAGGCTA 

30 TGATAAAGATCAA3' (exon le) (SEQ ID NO: 6), or 

(iii) 5'GTTTCCTTCTTCTGTCGGGGCGCCTTGGCATGGAGTGGAGGAATA 
AGAAAAGGAGCGATTGGCTGTCGATGGTGCTCAGAACTGCTGGAGTGGA 
GG3' (exon Id) (SEQ ID NO: 1). 



35 
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anchored PCR from genomic DNA. (£) Structure of hVDR transcripts. 
Transcripts 1-5 originate from exon la. Transcript 1 corresponds to the 
published cDNA (1). Transcripts 6-10 originate from exon Id and transcripts 
11-14 originate from exon If. Boxed numbers indicate the major transcript 
(based on the relative intensities of the multiple PCR products) within each 
exon-specific group of transcripts generated with a single primer set. While 
all transcripts have a translation initiation codon in exon 2, exon Id 
transcripts have the potential to initiate translation upstream in exon Id, 
with transcripts 6 and 9 encoding VDR proteins with extended N termini. (C) 
N- terminal variant proteins encoded by novel hVDR transcripts. Transcript 1 
corresponds to the published cDNA sequence (1) and encodes the 427-aa 
hVDR protein. Transcripts 6 and 9 code for a protein with an extra 50 aa or 
23 aa, respectively, at the N-termmal. The 23 aa of the hVDR A/B domain are 
shown in bold. 

FIG. 2. RT-PCR analysis of expression of variant hVDR transcripts. [A) Exon 

la transcripts (220 bp, 301 bp, 342 bp, 372 bp, and 423 bp). (B) 

Exon Id transcripts (224 bp, 305 bp, 346 bp, 376 bp, and 427 bp). (C) Exon If 

transcripts (228 bp, 309 bp, 387 bp, and 468 bp). RT-PCR was carried 

out with exon la-, Id-, or lf-specific forward primers and a common reverse 

primer in exon 3. The sizes of the PCR products and the pattern of 

bands are similar hi A and B by virtue of the identical splicing pattern of 

exon la and Id transcripts and the fact that primers were designed to 

generate PCR products of comparable sizes. All tissues and cell lines are 

human in origin. 

FIG. 3. Functional analysis of sequence-flanking exons la and id [A) and 
exon If [B) in NIH 3T3 (solid bars) and COS 7 cells (open bars). 
The parent vector pGL3basic was used as a promoterless control, and a 
promoter-chloramphenicol acetyltransferase (CAT) gene reporter construct 
was cotransfected as an internal control for transfection efficiency in each 
case. The activity of each construct was corrected for transfection 
efficiency and for the activity of the pGL3basic empty vector control and 
expressed as a percentage of the activity of the construct la(-488, + 75) 
SEM of at least three separate trans fections. Exon la and id flanking 
constructs are defined in relation to the transcription start site of exon 
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FIG 8. Provides the nucleotide sequence corresponding to transcript 11 (see 
figure 1) (SEQ ID NO: 7), together with the predicted amino acid sequence 
(SEQ ID NO: 12) of the encoded protein. Nucleotides 1-207 correspond to 
exon If: nucleotides 208-15 74 correspond to exon 1c to the stop codon in 
exon 9 (or nucleotides -83-1283 of the hVDR cDNA (1)). 



EXPERIMENTAL PROCEDURES 

Isolation and Characterisation of Genomic Clones 

A human lymphocyte cosmic library (Stratagene, La Jolla, Ca) was 
screened using a 2.1kb fragment of the hVDR cDNA encompassing the entire 
coding region but lacking the 3'UTR, a 241 bp PCR product spanning exons 1 
to 3 of the human VDR cDNA, and a 303 bp PCR product spanning exons 3 
and 4 of the hVDR cDNA, following standard colony hybridisation 
techniques. DNA probes were labelled by nick translation (Life Technologies, 
Gaithersburg, MD ) with [a 3z P] dCTP. Positively hybridising colonies were 
picked and secondary and tertiary screens carried out until complete 
purification. Cosmid DNA from positive clones was purified (Qiagen), 
digested with different restriction enzymes and characterised by Southern 
blot analysis using specific [y 32 P]ATP labelled oligonucleotides as probes. 
Cosmid clones were directly sequenced using dye-termination chemistry and 
automated fluorescent sequencing on an ABI Prism. 377 DNA Sequencer 
(Perkin-Elmer, Foster City, Ca). Sequence upstream of the most 5' cosmid was 
obtained by anchored PCR from genomic DNA using commercially available 
anchor ligated DNA (Clontech, Palo Alto, Ca). 

Rapid Amplification ofcDNA 5-prime Ends (5' -RACE) 

Alternative 5' variants of the human VDR gene were identified by 
5'RACE using commercially prepared anchor-ligated cDNA (Clontech) 
following the instructions of the manufacturer. Two rounds of PCR using 
nested reverse primers in exons 3 and 2 (P 1: 5'ccgcttcatgcttcgcctgaagaagcc-3\ 
P2: S'-tgcagaattcacaggtcatagcattgaag-S') were carried out on a Corbett FTS- 
4000 Capillary Thermal Sequencer (Corbett Research, NSW ? Australia). After 
26 cycles of PCR, 2% of the primary reaction was reamplified for 31 cycles. 



Example : 
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The PCR products were cloned into PUC18 and sequenced by the dideoxy 
chain termination method. 

Cell-Culture 

5 The embryonal kidney cell line, HEK-293, an embryonic intestine cell 

line, Intestine-407 and WS 1, a foetal skin fibroblast cell line were all 
cultured in Eagle's MEM with Earle's BSS and supplemented with either 10% 
heat-inactivated FBS, 15% FBS or 10% FBS with non-essential amino acids, 
respectively. The osteosarcoma cell lines MG-63 and Saos-2 were cultured in 

10 Eagle's MEM with nonessential amino acids and 10% heat-inactivated FBS 
and McCoy's 5a medium with 15% FBS, respectively. The breast carcinoma 
cell line T47D and the colon carcinoma cell lines LIM 1863 and COLO 206F 
were cultured in RPMI medium supplemented with 0.2 IU bovine insulin/ml 
and 10% FBS, 5% FBS or 10% FBS, respectively. LIM 1863 were a gift from 

15 R.H. Whitehead (3). HK-2 kidney proximal tubule cells were grown in 

keratinocyte-serum free medium supplemented with 5ng/ml recombinant 
EGF, 40ug/ml bovine pituitary extract. BCl foetal osteoblast-like cells were 
kindly donated by R. Mason (4) and were grown in Eagle's MEM with 5% FBS 
and 5mg/L vitamin C. Unless otherwise stated all cell lines were obtained 

20 from the American Type Culture Collection (Manassas, VA). 

Reverse Transcriptase-PCR (RT-PCR). 

Total RNA extracted from approximately 1.5 x 10 :< cells, from 
leukocytes prepared from 40 ml blood, or from human tissue using acid- 

25 phenol extraction was purified by using a guanidium isothiocyanate-cesium 
chloride step gradient. First-strand cDNA was synthesized from 5 jig of total 
RNA primed with random hexamers (Promega) using Superscript II reverse 
transcriptase (Life Technologies). One-tenth of the cDNA (2^) was used for 
subsequent PCR, with 36 cycles of amplification, using exon-specific forward 

30 primers (exon la: corresponding to nucleotides 1-21 of hVDR cDNA (1); 
exon Id: 5 '-GGCTGTCG ATGGTGCTC AG AAC- 3 1 ; 
exon If: 5*-AAGTTCCTCCGAGGAGCCTGCC-3'); 

and a common reverse primer in exon 3 [corresponding to nucleotides 301- 
280 of hVDR cDNA (1)]. All RT-PCRs were repeated multiple times by using 
35 RNA/cDNA prepared at different times from multiple sources. Each PCR 
included an appropriate cDNA-negative control, and additional controls 
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* A DN A and RN A/cDN A 

pactional A"** °/" VDB ^tfrrtd If (see Fig. 1A) were PCR- 
Sequences flanking exons , J ^ ^ ^ 

amplified by using W» ^'^^l Jciferase gene reporter. 
pGUbasic vector (Promega, "P-"-"^^ into N1H 3T3 and COS 7 cells 
Promoter-reporter constructs were »*• method . CeVls we re 

by nsing the standard ^ be fore transfection. Severn 

sided at 2 .3 ± « * per tSO-cm nask the ^ ^ tQ 

hom , before the P-P*~ ^ K to precipita te for « h 

with 2% charcoal-strrpped FBS^ Ce ^ ^ vectM 

before subculturing and were ha ves e experime »ts and a 

5 pGL3bas.c was used as a promoted* co. (CAT) gene 

Lian virus 40 P^-^^T^XL -tro, for transfection 
reporter construct was cotransfected as a, for 

efLency in each case. ^^^^ ^ ^ "*» 
transfecuon efficiency and for he ac« y rf ^ 

20 control and expressed as a P-™£ canied oul in triplicate, and 

RESULTS 

25 Mention o,— * — * tJT*^ VDR transcripts b, «• 
Upstream exon, > wer, ■ sequencing of cosmid 

RACE lexons If. 1=. Id- » d lb > a " d ° d fe cha racterize the structure of 
clones (Fig. Ml- Tb v«Uy *~ '^" forward primers were used with a 
30 the * end of the VDR gene, exon-spe a* f ^ f 

common reverse primer m exon 3 to amp ? " of , hese PCR products 

hum an tissue and cell *" ^ ^ ^ different 

W as verified by Southern blot and by eta. g^ ^ The ^ 
VDR transcripts originating ™™ is to the published cDNA 

sequence (!)• mice 10 
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n 72 bo exon lb into or out of the 
al ternative splicing of exon ic an I a no- - P ^ ^ 
final transcript. These three vanant Uan P & (g ^ p . g ^ 

Pike and colleagues (2). A .^^es an extra 152 bp of intronic sequence 

« lac,s exons lb and 1. bnt — - & protein as a result 

immediately 3' to exon 2, potentially 

of an i..-frame termination codon in intron 2 ^ ^ lf , . 

F „uv more transcripts were character ^ 1{ . 

uo vel 207-bp exon more than . ft »^-» £ » ~ jf spliced immed iately 
containing transcript (11 in variants (12 , a3 , and 14 in Fig. IB) 

adjacent to exon 1=. Three ' ^ , „ ovel 159 . bp exon le into or 

„ is e from alternative «^^ rianl s **« «*> >» \ 

ort of the final transcript. All a e . h .^.^ ,„ exon 2 

UTRs and encode identical protein fton wm idemmB d 

Of considerable interest, ano he. ^ bp downstrea „i 

ttiat originate from exon Id, a (6 in F ig. IB) «BM- 

from exon la. The maior exo, i d-contanin ^ ^ variallts (7 , 

ex on Id in place of exon la c the hVDR cDN ^ ^ ^ or 

a „d 0 in Fig. 1B> f ™ — * ^ * * 

ot the transcript, analogous JO he exoi fo exo „ s lb a »d 1c. but 

0 fifth minor variant transcript (10 in g la . COM ai,iiug transcript 5, 

includes 152 bp of intron 2 TwQ of these exon Id- 

and also potentially encodes a ""^^ ^ant form of the hVDR 
containing hVDR "-"'^^ exon Id, which is in a favorable 
protein. Utilization of an ATG coiml sta ,. t sjte in exon 2. would 

25 context and in-frame with "germinal to the ATG codon in 
generate a protein with an case o( va ria„t 9 (Fig.lC). 

Lou 2 in the case of variant 6 or 3aa m £ t ^ „ difficull 

The relative level of expression f the d ^ 

30 However, Southern blots of PCK pi of PCR product were 

amplification indicated that equivalen „ ^ 3 0 cycles 

accumulated after 26 cycles ^ "ance is about 5% of that of 

for exon Id transcripts, suggesting *a Id abu, ^ ^ ^ ^ ^ 

la transcripts. This is consistent «* ^ of kid ne y RNA- la 

35 S — tf KT-PCK wit, e^n ,a-, l d -. o, 
(2l/27;78%), Id i /">> 
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7 or g followed by 
l f . sp ecific forward primers ^"^ZZ -scripts are not 
doing and sequencing, su^ests that 
associated with differences at the 3 

Overlapping cosnnd clones we- (o exon . specific 

genomic library * * ^ intI0 n boundaries of the hVDR 

oligonucleotide probes (Fig. The e ^ froro cosmld 

gene were determined by were locaUze d in the VDR 

10 clones with ft. cDNA exlend approximately 7 » into the 

ge »e by sequencing cosnnd of both their sequence 

int ron between axons le and If, enabh, ^g Sequence 
and the presence of consensus splice — P DNAby 
upslI eam of exon If was AW™"* DNA ( CL ONTECH). In total, fte 

M u Lg commercially 0 f 'a,, least ,4 axons (Fig. 

hVDR gene spans more than 60 KD ai 

^"^"vDR transcripts was examined by 
The pattern of expression of va h ^ ^ ^ ^ ^ 

2 „ RT-PCR in a variety of cell hues an ^ ^ la and Id 

torward primers and a ^""Z***^ expressed in all RNA 
transcripts (Fig. IB. variants 1-10 * s (Fig . «, variants 11- 

samples analyzed (Fig. 2 A and B). Exon 1 tissue (lw0 

,4). however, were detected only mRNA ro ^ ^ 

- sepMate ^S"^^ — 11,688 represent ma,or 

i— ^ ^ "vegans of axons la. Id, and If 

Promoter activit.es of the 5 flar* 8 8 ^ flanldng exoI1 

w ere examined in NIH 3T3 and COS 7 ceUs U 

la exhibited high promoter ^* t vector wa s attained 

luci ferase expression of 3 - and 54-fo U «« Thi 

for construct la(-43 8 , + 75) in NIH 3T3 and C muWple 

35 acUvity could be attributed largely tc , GC ,«* B adjacent to 

consensus Spl-binding motifs lymgwithm 100 p 
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i p uostream of a luciferase 
the transcription start site. Thi"egio» 'J^ of lb e maximum activity 
reporter Iconstruct H-94.-7.)!. ■ observed in COS 7 cells, 
observed in N1H 3T3 cells and 86% of the max ' ^ , uciferase 

The removal of this GC-rich region 1* ^ ^ ^ ? ^ 

, acUvity to only 13% of the maxmrum n ™» exo „ ld wer e 

Despite the fact that VDR transcnp s * * ^ 
identified, distinct promoter ac wrty w no ld(+244 , + 424,V, 
within 300 bp of exonld l"™*"*.^*^ exon ' ld m avcontaina 
rather, the sequence immediately adjace y span „ ing th e 5' 

10 oppressor element (Fig. aA). ConsUuc ^ I ^ ^ ^ w% „ 
flanking regions of both exons la and ld^ ? ^ ^ 3. 

the activity of la(-898. + 75, .n NB""^ fi5% an(1 97% of the activity 

deletion of 227 bp "•^l"^'^ ^ tmnC ated construct la-Id (- 
of ia(-898.+75). respectively. Sirmla.ly. in only 

„ 91 , + 470,, spanning the flanking ^ ^ \ ^ , deletion of 227 
35% and 40% of the " ^ 9 ' 1% of the activity of la(-94, + 75) 

^Sequence upstream of exon !f — - ^^^l 
N1H 3T3 q ce», of 22% of that of the mo, ac- „ns .uc . ^ ^ 
fold over pGL3basic (construct *«^^ ice of a suppressor element 
25 11 f(-172, + 5 8 , 1 had -- la - C 7: y ' 7 : * J ~ repr ess luciferase activity by 
(between nucleotides -278 and £ ^ in COS 7 cells. This 

The existence of a VDK isoion ^onkev rat and mouse cell 

confirmed in cell ly sates from 

lines derived from kidney, intesttne, MRniiy Bioreagents Inc.. 
35 (using the anti-VDR 9A7 »« monoclonal antrbo y 
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1 sis The Id- and lc-exon- 

DISCUSSION 

, .f.^' variant transcripts ot trie 
The present inventors have ^ ^ Mnsoripts 

hVDR *a, suggest the extstence o f, 1* - ^ b se of 

may not have been disannulled n p e ^ „ „ r lf „ nd 

Li. suavity in size. vary in their * ITTB. ** 

all erna,ive splicing ^^ZZ^ — 1 ^ ^ "t 
encode the same 427-aa ^^^ J with th e potential to encode 
al tevnative splicing generate hVDR t ansc P ^ ^ ^ was 

variant proteins with an add.uona 0 o » at A , end 

n „ evidence that these 5' vanants are ote membe rs of the 

: 0,e transcript. A«f ta isofornrs of the hVDR.s a 

„uclear receptor superfannly, the only ^ . methiomne of 

common polymorphism in the tnple \™«*J of transla tion at an 
° 427 J form of the VDR that resu* — 
aU ernative start codon begmnmg a the 0 ^ simUar , y , 

encoding a protein truncated by 3 aa «h ^ , ftom sm ,e 

^^^^^^^^^ , 

Heterogeneity in the .region , — generates mult i P «e 

, receptor genes. Tissue-specific alternative p ^ Kt 

5 CLpts of the human ^^1^^ receptor ,GK, 

mi „eralocorticoid receptors, and * in , However, other 

Ich differ in their * in* but - de " ave multiple, functionally 
lembers o, the nuclear usage and,or alternative 

30 distinct isoforms arising from ~ ' a J isofo rms has been 

splicing. The generation of ne proh fera.or- 

described for the progesterone »««*«™ ' P ^ id receptors. Some 
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domain has been demonstrated for the thyroid receptor bl (TRbl), ER, GR ; 
PR, PPARg ; and the retinoid receptors. The activity of the AFl domain has 
been shown to vary in both a tissue- and promoter-specific manner. The N- 
terminal A/B region of nuclear receptors is the least-conserved domain across 
5 the family and between receptor subtypes, varying considerably both in 
length and sequence. The VDR, however, is unusual as its N-terminal A/B 
region is much shorter than that of other nuclear receptors, with only 23 aa 
N-terminal to the DNA-binding domain, and deletion of these residues seems 
to have no effect on VDR function. This region in other receptors is 

10 associated with optimal ligand-dependent transactivation and can interact 
directly with components of the basal transcription complex. Two stretches 
of basic amino acid residues, RNKKR and RPHRR, in the predicted amino 
acid sequences of the variant hVDR N termini (Fig. lC) resemble nuclear 
localization signals. An N-terminal variant VDR protein therefore might 

15 exhibit different transactivation potential, possibly mediated by different 

protein interactions, or may specify a different subcellular localization. The 
tissue-specific expression of exon lf-containing transcripts is mediated by a 
distal promoter more than 9 kb upstream of exons la and Id. Exon If 
transcripts were detected only in kidney tissue, parathyroid adenoma tissue, 

20 and an intestinal cell line, LIM 1863. It is interesting that these tissues 

represent major target tissues for the calcitropic effects of vitamin D. The 
absence of lf-containing transcripts in two other kidney cell lines, HK-2 
(proximal tubule) and HEK-293 (embryonal kidney), as well as one other 
embryonal intestinal cell line, Intestine-407, suggests that the expression of 

25 If transcripts is cell type-specific. The cell line-specific activity of exon If 

flanking sequences in promoter reporter assays may reflect a requirement for 
tissue- or cell-specific protein factors to mediate expression from this 
promoter. 

This study has demonstrated that expression of the human VDR gene, 
30 which spans more than 60 kb and consists of 14 exons, is under complex 
transcriptional control by multiple promoters. The expression of multiple 
exon If transcripts is mediated by utilization of a distal tissue-specific 
promoter. Transcription from a proximal promoter, or promoters, generates 
multiple variant hVDR transcripts, two of which code for N-terminal variant 
35 proteins. Multiple, functionally distinct isoforms mediate the tissue- and/or 
developmental-specific effects of many members of the nuclear receptor 
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characterized, the results suggest that „M ^ mi of 

list Differ regulation of these hVDK g . , lcalion , for 

* uaUve splicing of variant ^ — ^ ^ and 
Standing the ~^«*£^J„ specific VDR actmns tn 

variant VDR transcripts may play 

bone and calcium homeostas,s. 

billed in the art that numerous 
tt will be appreciated by persons , AJto ^ as show „ ,„ 

nations and/or modifications ™*°™*° imm the sp irit or scope of the 
1 specific embodiments »> ^ ^ embo dime„ts are. therefore, to 

5 J^^^^^-^ 
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Sequence lislings:- 

<110> Garvan Institute of Medical Research 

Title of the Invention: Isoforms of the Human Vitamin D Receptor 

<130> 91317 

<140> 
<141> 

<160> 12 

<170> Patentln Ver . 2.0 

SEQ ID NO: 1 
<211> 96 
<212> DNA 

<213> Homo sapiens 
<400> 1 

gtttccttct tctgtcgggg cgccttggca tggagtggag gaataagaaa aggagcgatt 60 
ggctgtcgat ggtgctcaga actgctggag tggagg 96 



SEQ ID NO: 
<211> 1413 
<212> DNA 
<213> Homo 

<400> 2 

gtttccttct 

ggctgtcgat 

tgagacctca 

tggaggcaat 

cccggatctg 

gtgaaggctg 

ccttcaacgg 

tcaaacgctg 

agaggaagcg 

ggcccaagct 

agacctacga 

atggtggagg 

actcctcctc 

gcttctccaa 

tgtcccagct 

tcattggctt 

tactgctgaa 

tggacgacat 

ccaaagccgg 

agaagctgaa 

cagatcgtcc 

acacactgca 

ccaagatgat 

accgctgcct 

tgtttggcaa 



sapiens 



tctgtcgggg 
ggtgctcaga 
cagaagagca 
ggcggccagc 
tggggtgtgt 
caaaggcttc 
ggactgccgc 
tgtggacatc 
ggagatgatc 
gtctgaggag 
ccccacctac 
gagccatcct 
ct cctgctca 
tctggatctg 
ctccatgctg 
tgctaagatg 
gtcaagtgcc 
gtcctggacc 
acacagcctg 
cttgcatgag 
tggggtgcag 
gacgtacatc 
ccagaagcta 
ctccttccag 
tgagatctcc 



cgccttggca 
actgctggag 
cccctgggct 
actt ccctgc 
ggagaccgag 
tt caggcgaa 
atcaccaagg 
ggcatgatga 
ctgaagcgga 
cagcagcgca 
tccgacttct 
tccaggccca 
gatcactgta 
agtgaagaag 
ccccacctgg 
ataccaggat 
attgaggtca 
tgtggcaacc 
gagctgattg 
gaggagcatg 
gacgccgcgc 
cgctgccgcc 
gccgacctgc 
cctgagtgca 
tga 



tggagtggag 
tggaggaagc 
ccacttacct 
ctgaccctgg 
ccactggctt 
gcatgaagcg 
acaaccgacg 
aggagttcat 
aggaggagga 
tcattgccat 
gccagttccg 
act ccagaca 
tcacctcttc 
attcagatga 
ctgacctggt 
tcagagacct 
tcatgttgcg 
aagactacaa 
agcccctcat 
tcctgctcat 
tgattgaggc 
acccgccccc 
gcagcctcaa 
gcatgaagct 



gaataagaaa 
ctttgggtct 
gccccctgct 
agactttgac 
tcacttcaat 
gaaggcacta 
ccactgccag 
tctgacagat 
ggccttgaag 
actgctggac 
gcctccagtt 
cactcccagc 
agacatgatg 
cccttctgtg 
cagttacagc 
cacctctgag 
ctccaa tgag 
gtaccgcgtc 
caagttccag 
ggccatctgc 
catccaggac 
gggcagccac 
tgaggagcac 
aacgcccctt 



aggagcgatt 
gaagtgtctg 
ccttcaggga 
cggaacgtgc 
get atgacct 
ttcacctgcc 
gcctgccggc 
gaggaagtgc 
gaeagtctge 
gcccaccata 
cgtgtgaatg 
ttctctgggg 
gactcgtcca 
accctagagc 
atccaaaagg 
gaccagatcg 
tcctt caeca 
agtgacgtga 
gtgggactga 
atcgtctccc 
cgcctgtcca 
ctgctctatg 
tccaagcagt 
gtgctcgaag 



60 

120 

180 

240 

300 

360 

420 

480 

540 

600 

660 

720 

780 

840 

900 

960 

1020 

1080 

1140 

1200 

1260 

1320 

1380 

1440 

1463 
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SEQ ID NO: 3 
<211> 1382 
<212> DNA 
<213> Homo sapiens 



<400> 3 rflCCtta gca tggagtggag 9 aata ^"a qcggccagca 120 

gtttccttct tctgtcgggg ^^gg tgg aggggat g^aatg ggggtgtgtg 180 
ggctgtcgat S *|£« ga gfittglcc gga.cgtgcc ccgjatctgt ^^^^ 240 
cttccctgcc tgaccctgga * tg cta tgacctg t^^a * gac tgccgca 300 

qagaccgagc cactggcttt cact tcaC ctgccc c ""^? gtggacatcg 360 

bsr. r - -ss ^3, « » 

sss - 

,,c,,cg=.t ""go." «« t ^ tt l ,t,t,..t,. t | otgctc „ 660 

ecgacttctg ccagttccgg cc * tctc tgggc|a c '""° t ctggaKtga 120 
cc.gg=«« gtcatgalgg .ctcgtccg t «at,ctgc 180 

atcactgtat cacctcttca g a C cctagagct 9'""' tt g Ct aagatga 840 

otgaagaaga ttcagatgac tccaaaaggt catt 9? C ," :„,otacca 900 

SU«ggc tgacotggtc »f««f^ a «,g,tc,t a«,ctga.g |„ t 960 

sr,^ Eritf, 5 - esse s"« 

ssssr. s= x» sfes 

ssus .~« Irc= s r j,. r «, -» 0 

SiBE ISEi 3s ss=s as 



SEQ ID NO: 4 
<211> 1534 
<212> DNA 
<213> Homo sapiens 



<400> 4 ccccttggca tggagtggag 9 a «" a J* t gcggccagca 120 

gtttccttct tctgtcgggg a ^« tgg ggggat ggagg«atg g gg 18Q 

aactgtcgat ggtgctcaga ac *9«g| ^ ggaacgtgcc ccggatctgt ggyy * 240 
fttccctgcc tgaccctgga jactttgacc ctg tgaaggetgc 300 

gagaccgagc cactggcttt cacttc g aaagg gag^agaag ccatggaa ca 360 

tcaggtgagc ccccctccca 9J« catctccttc ctta ^g g gaa ggcact 420 

tttccatgaa gggag«£" ^aqcaggagg gtcttggcga agcatgaagc gg « 480 
tgcggcgctc acagccacag ga^agg ^ cat caccaag g acaa =^ ?tctgacaga 54 0 

SSSSS c. -'-gg *aa« SS 

sssss & ra ss-s - 

-"-4 S Hs 

cttctctggg gactcctcct c * t g agt gaagaa 9 a "cagy tcagttacag 960 

ggactcgtcc agcttctcca atctggat gctgacctgg t | 1020 

gLcctagag ctgtcccagc ^tccatg J ataccagga ttcagagacc t 1080 

catccaaaag g^cattggct ttgcta g cattgagg tc atcatgttgc J ll40 

ggaccagatc gtactgctga agtcajg 9 ctgt ggcaac caagactaca 9 1200 

g?ccttcacc atggacgaca ^cctgg tgatt gagcccctca ^ 9 1260 

IS Sii Ss s=ss s» -™ 1320 
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ccgcctgtcc aacacactgc agacgtacat ccgctgccgc cacccgcccc cgggcagcca 1380 

cctgctctat gccaagatga tccagaagct agccgacctg cgcagcctca atgaggagca 1440 

ctccaagcag taccgctgcc tctccttcca gcctgagtgc agcatgaagc taacgcccct 1500 

tgtgctcgaa gtgtttggca atgagatctc ctga 1534 



SEQ ID NO: 5 

<211> 207 

<212> DNA 

<213> Homo sapiens 

<400> 5 

tgcgaccttg gcggtgagcc tggggacagg ggtgaggcca gagacggacg gacgcagggg 60 

cccggcccaa ggcgagggag aacagcggca ctaaggcaga aaggaagagg gcggtgtgtt 120 

cacccgcagc ccaatccatc actcagcaac tcctagacgc tggtagaaag ttcctccgag 180 

gagcctgcca tccagtcgtg cgtgcag 207 



SEQ ID NO: 6 

<211> 157 

<212> DNA 

<213> Homo sapiens 



<400> 6 

aggcagcatg aaacagtggg atgtgcagag agaagatctg ggtccagtag ctctgacact 60 

cctcagctgt agaaaccttg acaactctgc acatcagttg tacaatggaa cggtattttt 120 
tactcttcat gtctgaaaag gctatgataa agatcaa 157 



SEQ ID NO: 7 

<211> 1574 

<212> DNA 

<213> Homo sapiens 



<400> 7 

tgcgaccttg gcggtgagcc tggggacagg ggtgaggcca gagacggacg gacgcagggg 60 

cccggcccaa ggcgagggag aacagcggca ctaaggcaga aaggaagagg gcggtgtgtt 120 

cacccgcagc ccaatccatc actcagcaac tcctagacgc tggtagaaag ttcctccgag 180 

gagcctgcca tccagtcgtg cgtgcagaag cctttgggtc tgaagtgtct gtgagacctc 240 

acagaagagc acccctgggc tccacttacc tgccccctgc tccttcaggg atggaggcaa 300 

tggcggccag cacttccctg cctgaccctg gagactttga ccggaacgtg ccccggatct 360 

gtggggtgtg tggagaccga gccactggct ttcacttcaa tgctatgacc tgtgaaggct 420 

gcaaaggctt cttcaggcga agcatgaagc ggaaggcact attcacctgc cccttcaacg 480 

gggactgccg catcaccaag gacaaccgac gccactgcca ggcctgccgg ctcaaacgct 540 

gtgtggacat cggcatgatg aaggagttca ttctgacaga tgaggaagtg cagaggaagc 600 

gggagatgat cctgaagcgg aaggaggagg aggccttgaa ggacagtctg cggcccaagc 660 

tgtctgagga gcagcagcgc atcattgcca tactgctgga cgcccaccat aagacctacg 720 

accccaccta ctccgacttc tgccagttcc ggcctccagt tcgtgtgaat gatggtggag 780 

ggagccatcc ttccaggccc aactccagac acactcccag cttctctggg gactcctcct 840 

cctcctgctc agatcactgt atcacctctt cagacatgat ggactcgtcc agcttctcca 900 

atctggatct gagtgaagaa gattcagatg acccttctgt gaccctagag ctgtcccagc 960 

tctccatgct gccccacctg gctgacctgg tcagttacag catccaaaag gtcattggct 1020 

ttgctaagat gataccagga ttcagagacc tcacctctga ggaccagatc gtactgctga 1080 

agtcaagtgc cattgaggtc atcatgttgc gctccaatga gtccttcacc atggacgaca 1140 

tgtcctggac ctgtggcaac caagactaca agtaccgcgt cagtgacgtg accaaagccg 1200 

gacacagcct ggagctgatt gagcccctca tcaagttcca ggtgggactg aagaagctga 1260 

acttgcatga ggaggagcat gtcctgctca tggccatctg catcgtctcc ccagatcgtc 1320 

ctggggtgca ggacgccgcg ctgattgagg ccatccagga ccgcctgtcc aacacactgc 1380 

agacgtacat ccgctgccgc cacccgcccc cgggcagcca cctgctctat gccaagatga 1440 

tccagaagct agccgacctg cgcagcctca atgaggagca ctccaagcag taccgctgcc 1500 
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tc tccttcca gcctgagtgc agcatgaagc 
atgagatctc ctga 



ta acgcccct tgtgctcgaa gtgtttggca 1560 



SEQ ID NO: 8 
<211> 122 
<212> DNA . 
<213> Homo sapiens 

-°-« s-sss 3S3S ssss s 



at 



SEQ ID NO: 9 
<211> 477 
<212> PHT 

<2l3> Homo sapiens 

Mpt Val I* eu 

<4°°> 9 *sn Lvs Lys Arg Ser Asp Trp Leu Ser 

Met Glu Trp Arg Asn Lys by y 1Q 

1 oh rlv Ser Glu Val Ser Val Arg 

, rlv Val Glu Glu Ala Phe Gly Ser 3Q 
Arg Thr Ala Gly val 25 

,„ «, :: «. ,~ - - 5 - - - - ?. ~ - p - 

50 , rvs Gly Asp Arg 

val Pro Arg He Cys Gly Val Cys faiy v 8Q 
Asp Phe Asp Arg Asn Val Pro Arg „ 

65 „ riu Glv cvs Lys Gly 

w , Thr ai, - - «- «» Met To C " 

Phe Phe Arg Arg Ser net i 1Q5 

100 * „ His CVS Gin Ala 

* Cvs Arg He Thr Lys Asp Asn Arg Arg H» Cy 
Asn Gly Asp Cys Arg ^ 

115 Tie Gly Met Met Lys Glu Phe He 

Cys Arg Leu Lys Arg Cys Val Asp He Gly ^ 

130 Met He Leu Lys Arg 

nu Glu Val Gin Arg Lys Arg Glu Met 16Q 

Leu Thr Asp Glu Glu va^ 155 

145 » „ Pro Lvs Leu Ser Glu 

Lys a . «. i. - - s " ss Atg 

Gl «, U. .X. Ala «J - «•> »• " l " SS " 

Glu Gin Gin Arg lie u 1Q5 

180 TV rt Pro Pro Val Arg 

Pro Thr Ty r ser Asp Phe Cys Gin Phe Arg Pro 
Tvr Asp Pro inr iy*- 2Q0 
195 
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_ Arg Pro Asn Ser Arg His 

Val AS n Asp Gly Oly -V |« HX. Pro Ser ^ 

s Gly Asp Ser Ser Ser Ser Cys Ser Asp His Cys 
Thr Pro Ser Phe Ser Gly Asp 235 

225 e c pr Phe Ser Asn Leu Asp 

w Thr M, «r »P -t « »P - If 

w i Thr Leu Glu Leu Ser 

260 u i ser Tyr Ser He 

7vi=, ftso Leu Vai ber iy- 
Mo) . Teu Pro His Leu Ala Asp ^ 
Gin Leu Ser Met Leu ^ 

„ et He Pro Gly Phe Arg Asp Leu 
Val Ile Gly Phe Ala Lys Met He 
Gin Lys Val lie 2g& 

290 s .r s.i «■ G1 » £}, 



305 



He Met Leu Arg Ser Asn fai 330 

. . -i ser As p Val Thr Lys 
* nn Asp Tyr Lys Tyr Arg Val Ser 350 
Thr Cys Gly Asn Gin Asp ly ^ 

340 0 Leu lie Lys Phe Gin Val 

rl His ser L eu Glu Leu lie Glu Pro Leu ^ 

Ala Gly His ber u 36Q 

Gly Leu Lys Lys Leu Asn Leu His 380 

370 , AsD Ala Ala 

385 h Leu cln Thr Tyr 

L .„ u. - «• »; - " p M K5 M 

, . „!. ,» .« »° =" H1 - M " «o Al " w * 

He Arg Cys Arg His Fro ^ 

, a Ser Leu Asn Glu Glu His Ser 
ti nn Lvs Leu Ala Asp Leu Arg Ser Le ^ 
Met He Gin Lys u 44Q 

435 c=k Met Lvs Leu 

ly , G1 „ ^ «, - in - - p " Glu a; 

ThI I ». v.x «. - v- - «v - - »• s - 

465 
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SEQ ID NO: 10 
<2U> 450 
<212> 

<213> Homo sapiens 



q=r Met Val Leu 

sr^ 0 ™ «, - - - To Ttp Le " 

; g nit « ~ - - - -s - - - - - Thl s : 

35 



, „ ser Met Lys Arg Lys Ala go 

. tvs Gly Phe Phe Arg Arg Ser Me y 80 
Glu Gly cys Lys ^ 7Q '=> 

65 » „ Tie Thr Ly= As P As " K ^ 

rlv Asp cys Arg l-L e lnJ * 95 
Phe Thr Cys Pro Phe Asn Gly Asp ^ 



„ v a l Asp He Gly Met 
*t rvs Arg Leu Lys Arg Cys Val Asp 
Arg His Cys Gin Ala Cys Arg ^ 

100 _ tvs Arg Glu 

rl.i Glu Val Gin Arg Lys Arg 
. php Ile Leu Thr Asp Glu Giu 5 
Met Lys Glu Phe lie ^ 

115 t = a^o Ser Leu Arg 

„ n. - «, - - - - ^ a*. 

P _ s« «. - - - «. - is ~ - - Leu « 

pro Lys r>eu 

145 m Asp Phe Cys Gin Phe 

». «. - - 51 - « p " Th£ - 

Arg Pro Pro Val Arg vaj. ifl5 



Pro Asn Ser Arg His inr ^ 

195 M z^n Ser Ser Ser 

cor Asd Met Met Asp ^ et 
, cn His cys He Thr Ser Ser Asp 
Cys Ser Asp His oy ^ 

21° „ asp Pro Ser Val 

Glu Glu Asp Ser Asp Asp ^ 
n u Asn Leu Asp Leu Ser Glu 235 

Phe Ser ftsu 23Q 

225 



_ h i s Leu Ala Asp Leu 

T Oin Lys Val lie Gly Ph. Ala Lys Met lie Pro 
Val Ser Tyr Ser lie Gin Ly ^ 

rin He Val Leu Leu Lys Ser 
a n Leu Thr Ser Glu Asp Gin He 
Gly Phe Arg Asp Leu inr ^ 
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. nu Ser Phe Thr Met 

Ser Ala lJ.e 295 

r Glv Asn Gin ASP Tyr Lys Tyr Arg V.1 
ASP A SP Met Se, ^ CVS -V As ^ 

Ser Asp Val Thr Lys Ma Gly 

„• rhi GlU Glu 

He Lys Phe Gin Val Gly Le Mb 



340 » am Pro Gly 

T . val Ser Pro Asp Arg 
TPU Met Ala He Cys He Val Ser 
His Val Leu Leu net * 360 

355 arfl Leu Ser Asn 

7v -i -i He Gin Asp Arg ^ 

* Cvs Arg His Pro Pro Pro Gly Ser His 
Thr Leu Gin Thr Tyr Il« Arg Cys Arg ^ 

385 ' _ ac:n L eu Arg Ser Leu 

„ Tie Gin Lys Leu Ala Asp Leu y 
Leu Leu Tyr Ala Lys Met He ^ 

405 Phe Gin Pro Glu 



Asn Glu Glu His ser Lys Gin Tyr Arg Cys 



LeU S " 430 



„. U v.! «. - »1 - -V - - 



cys S«r M.t Lys L.u Thr Pro J.U 

435 



lie Ser 
450 



SEQ ID NO: H 
<2H> 72 
<212> PRT . 
<213> Homo sapiens 

c-r- Met Val Leu 

ST* 1 . 1 ™ «. «; «• s " To Tip Le 

_ P „ „ :: - — -a ,u cvs Gly 

His Phe Asn Ala Met Thr Cys 

r1 ,, 7Y SD Arg Ala n". -■- -- 
Val Cys Gly Asp « y 55 

50 



Ma Thr Gly Pne -- 6Q 



G lu Gly cys Lys Gly Phe Phe Arg 
65 
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SEQ ID NO: 12 
<211> 427 
<212> PRT 

<213> Homo sapiens 
<400> 12 

Met Glu Ala Met Ala Ala Ser Thr Ser Leu Pro Asp Pro Gly Asp Phe 
15 10 15 

Asp Arg Asn Val Pro Arg He Cys Gly Val Cys Gly Asp Arg Ala Thr 
20 25 30 

Gly Phe His Phe Asn Ala Met Thr Cys Glu Gly Cys Lys Gly Phe Phe 
35 40 45 

Arg Arg Ser Met Lys Arg Lys Ala Leu Phe Thr Cys Pro Phe Asn Gly 
50 55 60 

Asp" Cys Arg He Thr Lys Asp Asn Arg Arg His Cys Gin Ala Cys Arg 
65 70 75 80 

Leu Lys Arg Cys Val Asp He Gly Met Met Lys Glu Phe lie Leu Thr 
85 90 95 

Asp Glu Glu Val Gin Arg Lys Arg Glu Met He Leu Lys Arg Lys Glu 
100 105 110 

Glu Glu Ala Leu Lys Asp Ser Leu Arg Pro Lys Leu Ser Glu Glu Gin 
115 120 125 

Gin Arg He He Ala He Leu Leu Asp Ala His His Lys Thr Tyr Asp 
130 135 140 

Pro Thr Tyr Ser Asp Phe Cys Gin Phe Arg Pro Pro Val Arg Val Asn 
145 150 155 160 

Asp Gly Gly Gly Ser His Pro Ser Arg Pro Asn Ser Arg His Thr Pro 
165 170 175 

Ser Phe Ser Gly Asp Ser Ser Ser Ser Cys Ser Asp His Cys He Thr 
180 185 190 

Ser Ser Asp Met Met Asp Ser Ser Ser Phe Ser Asn Leu Asp Leu Ser 
195 200 205 

Glu Glu Asp Ser Asp Asp Pro Ser Val Thr Leu Glu Leu Ser Gin Leu 
210 215 220 

Ser Met Leu Pro His Leu Ala Asp Leu Val Ser Tyr Ser He Gin Lys 
225 230 235 240 

Val He Gly Phe Ala Lys Met He Pro Gly Phe Arg Asp Leu Thr Ser 
245 250 255 

Glu Asp Gin He Val Leu Leu Lys Ser Ser Ala He Glu Val He Met 
260 265 270 

Leu Arg Ser Asn Glu Ser Phe Thr Met Asp Asp Met Ser Trp Thr Cys 
275 280 285 
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_ „ Vai Thr Lys Ala Gly 

Gly Asn Gin Asp Y 2Qb 

290 T1P Lvs Phe Gin Val Gly Leu 

Tla r1u pro Leu He Lys n 320 

H . sG lu Glu Glu His Val Leu Leu Met Ala II 
Lys Lys Leu Asn Leu H,s Glu G ^ 

tv zvia Ala Leu H e 
P o Asp Arg Pro Gly Val Gin Asp Ala Al Q 
Cvs He Val ser Pro Asp Arg ^ 

340 T r ne Arg 



Cys Arg Mis 375 

A rg Ser Leu Asn Glu Glu His Ser Lys Gin 

Leu Arg ^ei « 



370 

^ eu 420 
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Claims:- 



10 



15 



receptor (hVDR, isofovm, said if^'^^.^.U responds 
nucleotide sequence which * lhe h „ m a„ VDR gene. 

„ r is functionally equivalent to that of exon 

j-,^ * n Maim 1, wherein said 
2 . A polynuc.eotide molecule ^f"^Z s ^my 

3 . A polynucleotide molecule acceding to claim 1- "herein the 
nucleotide sequence includes: niwls _ onds or is functionally 

approximately 477 amino acids, ds or is functionally 

acids. 

2, SEQIDNO:3orSEQIDNO:4. 
5 An isolated po, y nncleotide molecule 

receptor IhVDRJ. said P^<^™*^?£^ « " 
sequence which includes sequence that y ^ ^ 

functionally equivalent to that of exon If and/or 

nucleotide sequence further includes sequence 
corresponds or is functionally equivalent to that 



20 



30 



35 
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7. A polynucleotide molecule according to claim 5, wherein the 
nucleotide sequence includes sequence that substantially corresponds or is 
functionally equivalent to that of exons If and 2-9. 

5 

8. A polynucleotide molecule according to claim 5, wherein the 
nucleotide sequence substantially corresponds to that shown as SEQ ID NO: 
7. 

10 9. A plasmid or expression vector including a polynucleotide molecule 
according to any one of the preceding claims. 

10. A host cell transformed with a polynucleotide molecule according to 
any one of claims 1-8 or a plasmid or expression vector according to claim 9. 

15 

11. A host cell according to claim 10. wherein the cell is a mammalian 
cell. 

12. A host cell according to claim 10, wherein the cell is a NIH 3T3 or COS 
20 7 cell. 

13. A method of producing a VDR or VDR isoform or functionally 
equivalent fragments thereof, comprising culturing a host cell of any one of 
claims 10-12 under conditions enabling the expression of the polynucleotide 

25 molecule and, optionally, recovering the VDR or VDR isoform or functionally 
equivalent fragments thereof. 

14. A method according to claim 13, wherein the VDR or VDR isoform or 
functionally equivalent fragments thereof are expressed onto the host cell 

30 membrane or other sub-cellular compartment. 

15. A human Vitamin D receptor (hVDR) isoform or functionally 
equivalent fragment thereof encoded by a polynucleotide molecule according 
to any one of claims 1-4, said hVDR isoform or functionally equivalent 

35 fragment thereof being in a substantially pure form. 
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w . An antibody or antibody foment capab.e o f specific^ binding to a 
VDR isoform according to claim 15. 

„. A non-human animal transformed with a poWnuc.eo.ida nucule 
according to any one of claims 1-8. 

isoform of claim ». ^^cn^ with and expressing a 
equivalent fragment thereof or a cell tianstoim ^ 
0 po ly „ucleoUde mo.ecu>e according to any c ^ * « ; ^ 

compound under conditions enabling the ^ 

func tional.y equivalent fragment thereof, , ent 

decrease in the activity of the VDR isoform or functional y 

fragment thereof. 

SeqUe,,C t ZZZ Sr^yV"«-- to a polynudeotide 

20 conditions. 

molecule. 

21 An isolated polynucieotide module comprising a nuclide sequence 
showing greater than 75% sequence identity to: 

TCAGCAACTCCTAGACGCTGGTAGAAAGTTCCTCCGACj 
35 CAGTCGTGCGTGC AG 3' (SEQ ID NO: 5) 
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TGATAAAGATCAASMSEQBNO-.e,,- 
GG3' (SEQIDNO: 1) 



15 



20 



25 



30 



35 



CAGTCGTGCGTGCAG3-(SEQlDNO:5) 

TGATAAAGATCAA3' (SEQ ID NO: 
GG3' (SEQ ID NO: 1). 

twins greater than to. 

„ s'TGCGACCTTGGCGGTGAGCCTG^G^A^A^G^CTGA^^C^^^^ 
cUa^ACGCAGGGGCGG^CC^^ 

^TCCTGCGTGCAGnSEQXDNO^, 



10 



15 
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w .agggaggatgaaagac^^^ 

TGATAAAGATCAA3' (SEQ ID NO: 6), or 

GG3" (SEQ ID NO: 1) 
substantially corresponding to: 

cUacggacgcaggggcccggccc^ 

Sctgcgtgcagsmseqbno^, 
M .aggcagcatgaaac^ 

GG3' (SEQ ID NO: 1) 



30 



WO 99/16872 



PCT/AU98/00817 



1/20 



4# 



Exons: ii — — — 
Cosmlds: J 5 



£ ], I 45 6 7. • 



AE- 



Tt«nscript 1: 



12 




MCA MA ASTSL PDPGD FORNV PRI 

-~ — ---- rr-r=== 
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40 60 80 , 



la(-898,+75) 
la(-488,+75) 
U(-3l7,+75) 
la(-94,+75) 
la(-29,+75) 
ld(+87,+424) 
ld(+244,+424) 

l».ld(-846,+243) 
ta-ld(-94,+470) 
la-ld(-94,+243) 




lf(-H68,+5«) 

lf(.278,+58) 
lf(-172,+58) 
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5 ' . . . atcccttaag GGCTCCTGAACCTAGCCCAGCTGGACGGAG 
AAATGGACTCTAGCCTCCTCTGATAGCCTCATGCCAGGCCC 
CGTGCACATTGCTTTGCTTGCCTCCCTCAATCCTCATAGCT 
TCTCTTTGGGgt aagtacag. . .3' 



5'...TGCGACCTTGGCGGTGAGCCTGGGGACAGGGGTGAGGC 

CAGAGACGGACGGACGCAGGGGCCCGGCCCAAGGCGAGGG 

AGAACAGCGGCACTAAGGCAGAAAGGAAGAGGGCGGTGTG 

TTCACCCGC AGCCCAATCCATCACTCAGCAA CTCCTAGAC 

GCTGGTAGAAAGTTCCTCXX3AGGAGCCTGCCATCCAGTCGT 
GCGTGCAG...3' 



5'. . .tgttttttag AGGCAGCATGAAACAGTGGGATGTGCAGAG 
AGAAGATCTGGGTCCAGTAGCTCTGACACTCCTCAGCTGT 
AGAAA CCTTGA CAACTCTGCACATCAGTTGTACAATGGAA 
CGGTAi M I I I ACTCTTCATGTCTGAAAAGGCTATGATAA 
AGATCAAgtaagatatt...3' 



D. 



5'.. .GTTTCCTTCTTCTGTCGGGGC GCCTTGGC jjjlpAGTGG 
AGG^TAAGAAMGGAGCGATTGGCTGTCG(|p|GTGCTCA 
GAACTGCTGGAGTGGAGG g t gtgtaacc. . .3" 
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TRANSCRIPT 6 



FIGURE 5 

(Sequence Range: 1 to 1463) ^ 50 

10 20 ***** 



90 100 
70 80 * * 



fin /u * * 

* ^-rrrTGGAG TGGAGGAAGC 

SSSS JSS^c "SSSL, 



120 130 



PheGlySer GluValSer ^ 

-i on l" u 



no 180 



SerThrTyrLeu ProProAla ^ 

920 230 * 

210 1 * * 

ThrS erLeu ProAspProGly Asp J0() 

280 2yu . * 



260 270 * * 

* * * ^rWCAKS GCTATGACCT 

GlyValCys GlyAspArg Al ^ ^ 



310 320 * * ' ■ 

* * r a aaggcttc ttcaogcgaa gcatg^gcg gaagg^cta 

SS5SSS » j^^^W- 

cysGluGlyCys LysGlyPhe 

380 390 



370 380 



360 J ' + * 

M ^ sssss esss 

PheThrCys ProPheAsnGly 
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6/20 ..0 450 

430 440 

410 420 * * * 

HisCysGln AlaCysArg ^ 
460 * * 

si sssss ^rJS> 

530 * * 

cm 5 20 * * 

* * * rir S.GTCTGC GGCCCAAGCT 

LeuLysArg LysGluGluGiu fi00 
570 580 * 

SerGluGlu GlnGlnArg Xlel ^ 

,10 620 "0 ^ t * * 

6 * * rG GCCTCCAGTT 

LysThrTyrAsp ProTtOT 7Q0 
*^tg atggtggagg gagccatcct tcc^gcc^ £^c* 

S5SSS S££S y c 2S£ 

720 730 * * * 

^ * rTCCTGCTCA GATCACTGTA 

ThrProSer PheSerGly Asp ^ 

770 780 * 7 ! * * 

76 * * * * rcTTCTCCAA TCTGGATCTG 

»~» rM «MG GACTCGTCCA G^ 1 ^ T AG ACCTAGAC 

HeThrSerSer AspMetMet ^ 

820 830 , * 

81 °* * * J. »CCCTAGAGC TGTCCCAGCT 

f-&AG ATTCAGATGA CCCTTCTGTG ^^ TCG AC AGGGTCGA 

SerGluGlu AspSerAspAsp * 
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860 870 880 890 900 

* * * * ★ * ** * * 

CTCCATGCTG CCCCACCTGG CTGACCTGGT CAGTTACAGC ATCCAAAAGG 
GAGGTACGAC GGGGTGGACC GACTGGACCA GTCAATGTCG TAGGTTTTCC 
SerMetLeu ProHisLeu AlaAspLeuVal SerTyrSer IleGlnLys> 

910 920 930 940 950 

* * * * * * ** * * 

TCATTGGCTT TGCTAAGATG ATACCAGGAT TCAGAGACCT CACCTCTGAG 
AGTAACCGAA ACGATTCTAC TATGGTCCTA AGTCTCTGGA GTGGAGACTC 
VallleGlyPhe AlaLysMet IleProGly PheArgAspLeu ThrSerGlu> 

960 970 980 990 1000 

* ★ * * * * * * * * 

GACCAGATCG TACTGCTGAA GTCAAGTGCC ATTGAGGTCA TCATGTTGCG 
CTGGTCTAGC ATGACGACTT CAGTTCACGG TAACTCCAGT AGTACAACGC 
AspGlnlle ValLeuLeuLys SerSerAla IleGluVal IleMetLeuArg> 

1010 1020 1030 1040 1050 

* * * * * * * * * * 

CTCCAATGAG TCCTTCACCA TGGACGACAT GTCCTGGACC TGTGGCAACC 
GAGGTTACTC AGGAAGTGGT ACCTGCTGTA CAGGACCTGG ACACCGTTGG 
SerAsnGlu SerPheThr MetAspAspMet SerTrpThr CysGlyAsn> 

1060 1070 1080 1090 1100 

* * * ★ * * * ★ * * 

AAGACTACAA GTACCGCGTC AGTGACGTGA CCAAAGCCGG ACACAGCCTG 
TTCTGATGTT CATGGCGCAG TCACTGCACT GGTTTCGGCC TGTGTCGGAC 
GlnAspTyrLys TyrArgVal SerAspVal ThrLysAlaGly HisSerLeu> 

1110 1120 1130 1140 1150 

** *★ ** ** ** 

GAGCTGATTG AGCCCCTCAT CAAGTTCCAG GTGGGACTGA AGAAGCTGAA 
CTCGACTAAC TCGGGGAGTA GTTCAAGGTC CACCCTGACT TCTTCGACTT 
GluLeuIle GluProLeuIle LysPheGln ValGlyLeu LysLysLeuAsn> 

1160 1170 1180 1190 1200 

** + * ★* ** ** 

CTTGCATGAG GAGGAGCATG TCCTGCTCAT GGCCATCTGC ATCGTCTCCC 
GAACGTACTC CTCCTCGTAC AGGACGAGTA CCGGTAGACG TAGCAGAGGG 
LeuHisGlu GluGluHis ValLeuLeuMet AlalleCys IleValSer> 

1210 1220 1230 1240 1250 

** ** ** ★* ★* 

CAGATCGTCC TGGGGTGCAG GACGCCGCGC TGATTGAGGC CATCCAGGAC 
GTCTAGCAGG ACCCCACGTC CTGCGGCGCG ACTAACTCCG GTAGGTCCTG 
ProAspArgPro GlyValGln AspAlaAla LeuIleGluAla IleGlnAsp> 



1260 1270 1280 1290 1300 

** ** ★* **■ ** 

CGCCTGTCCA ACACACTGCA GACGTACATC CGCTGCCGCC ACCCGCCCCC 
GCGGACAGGT TGTGTGACGT CTGCATGTAG GCGACGGCGG TGGGCGGGGG 
ArgLeuSer AsnThrLeuGln ThrTyrlle ArgCysArg HisProProPro 
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1310 1320 1330 1340 1350 

* ★ * ★ ** ** * ★ 

GGGCAGCCAC CTGCTCTATG CCAAGATGAT CCAGAAGCTA GCCGACCTGC 
CCCGTCGGTG GACGAGATAC GGTTCTACTA GGTCTTCGAT CGGCTGGACG 
GlySerHis LeuLeuTyr AlaLysMetlle GlnLysLeu AlaAspLeu> 

1360 1370 1380 1390 1400 

* * * * * * * * * * 

GCAGCCTCAA TGAGGAGCAC TCCAAGCAGT ACCGCTGCCT CTCCTTCCAG 
CGTCGGAGTT ACTCCTCGTG AGGTTCGTCA TGGCGACGGA GAGGAAGGTC 
ArgSerLeuAsn GluGluHis SerLysGln TyrArgCysLeu SerPheGln> 

1410 1420 1430 1440 1450 

* * ★ * ** ** ** 

CCTGAGTGCA GCATGAAGCT AACGCCCCTT GTGCTCGAAG TGTTTGGCAA 
GGACTCACGT CGTACTTCGA TTGCGGGGAA CACGAGCTTC ACAAACCGTT 
ProGluCys SerMetLysLeu ThrProLeu ValLeuGlu ValPheGlyAsn> 



1460 

TGAGATCTCC TGA 
ACTCTAGAGG ACT 
GluIleSer ***> 
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TRANSCRIPT 9 

FIGURE 6 



i to 1382) 50 
(Secjuence Range. 1 ^ ^ 4 o ^ ^ 

10 * * ^ J-TGGAG GAATAAGAAA 

1 no 



90 100 

70 80 



60 * 7 * * * ^TGGAG TGGAGGGGAT 

LgSerAsp TrpLeuSerMet ^ 
120 130 ^ * * 



120 * * 

• "* CTIKCTGCC ^CCT^ 

SSSS S« -55£ — — 

Gl uAlaMet AlaAlaSer 2Q0 

IRQ X * * 



160 17 ° * * * CACTGGCTTT 

ArgA snValPro Argllecys 

230 ^ * * 



230 

210 * 220 * * * airGCTTCT TCAGGCGAAG 

«~ ssss ssss S--r -sss- 

GTGAAGTTAC GluGlyC ys LysGlY 

HisPheAsn AlaMetThrCy 30Q 

9.ft0 . * * 



270 280 * 

260 t * * GACTGCCGCA 

MetLysArg LysAlaLeu 35Q 



320 330 * 

310 * * * ^rrr CAAACGCTGT 

_ r CACTGCCAGG CCTGCCGGCT ch 

ssss g SSSF^SSS. — ; 

IleThrLysAsp AsnArgArg 4Q0 

580 . 



570 380 * 

360 * * * * irRTG AGGAAGTGCA 

,™ GGAGTTCATT CTGACAGATG A GT 
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A70 * * 

410 * + * * G gccTTGAAGG 

Arg LysArg G e 

480 49 ° * * 

460 47 . * * * r rGChT CATTGCCATA 

AspSerLeuArg Prow 

540 5b 



530 * * * * 

510 * * * /-rurCTACT CCGACTTCTG 

580 5 „ * 

560 . * ^.rfiG AGCCATCCTT 

* * avCAGTTC GTGTGAATGA ^GGAG^ 

a S3£5 — al ArgValA 

630 „ * * 

61° * * * IrrcGH CTCCTCCTCC 

680 * * * 

660 6 4 * InvTGG ACTCGTCCAG 

SerCysSer Asp 740 "750 

*720 * * 

710 ' * * nrTTCTGTGA 

cttctccaat ctggatctga cacTTCTTCT ^gt^c proSerVal > 

GA t G sSr S n SerGXuGXuAsp Se.ASP 

780 ^ .* * 

^ 60 77 * * * ^rTCGC TGACCTGGTC 

T^euGluHeu SerGl ^ 85 o 

fi20 * * 

810 * * * nmikrATGA TACCAGGATT 

— SS SS5£ SSSSSU 

TCRATG S T xSysVal HeGlyP^e AlaLy 
SerTyrSer J-j-« 
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860 870 880 890 900 

* ★ * + ★ * 

CAGAGACCTC ACCTCTGAGG ACCAGATCGT ACTGCTGAAG TCAAGTGCCA 
GTCTCTGGAG TGGAGACTCC TGGTCTAGCA TGACGACTTC AGTTCACGGT 
ArgAspLeu ThrSerGlu AspGlnlleVal LeuLeuLys SerSerAla> 

910 920 930 940 950 

* ★ * * * * + * 

TTGAGGTCAT CATGTTGCGC TCCAATGAGT CCTTCACCAT GGACGACATG 
AACTCCAGTA GTACAACGCG AGGTTACTCA GGAAGTGGTA CCTGCTGTAC 
IleGluVallle MetLeuArg SerAsnGlu SerPheThrMet AspAspMet> 

960 970 980 990 1000 

* * * * * * * * 

TCCTGGACCT GTGGCAACCA AG AC T AC AAG TACCGCGTCA GTGACGTGAC 
AGGACCTGGA CACCGTTGGT TCTGATGTTC ATGGCGCAGT CACTGCACTG 
SerTrpThr CysGlyAsnGln AspTyrLys TyrArgVal SerAspValThr> 

1010 1020 1030 1040 1050 

CAAAGCCGGA CACAGCCTGG AGCTGATTGA GCCCCTCATC AAGTTCCAGG 
GTTTCGGCCT GTGTCGGACC TCGACTAACT CGGGGAGTAG TTC AAGGTCC 
LysAlaGly HisSerLeu GluLeuIleGlu ProLeuIle LysPheGln> 

1060 1070 1080 1090 1100 

* * * * ** * * * * 

TGGGACTGAA GAAGCTGAAC TTGCATGAGG AGGAGCATGT CCTGCTCATG 
ACCCTGACTT CTTCGACTTG AACGTACTCC TCCTCGTACA GGACGAGTAC 
ValGlyLeuLys LysLeuAsn LeuHisGlu GluGluHisVal LeuLeuMet> 

1110 1120 1130 1140 1150 

* * * ★* ** •*■* 

GCCATCTGCA TCGTCTCCCC AGATCGTCCT GGGGTGCAGG ACGCCGCGCT 
CGGTAGACGT AGCAGAGGGG TCTAGCAGGA CCCCACGTCC TGCGGCGCGA 
AlalleCys IleValSerPro AspArgPro GlyValGln AspAlaAlaLeu> 

1160 " 1170 1180 1190 1200 

** ** *★ ** * * 

GATTGAGGCC ATCCAGGACC GCCTGTCCAA CACACTGCAG ACGTACATCC 
CTAACTCCGG TAGGTCCTGG CGGACAGGTT GTGTGACGTC TGCATGTAGG 
IleGluAla IleGlnAsp ArgLeuSerAsn ThrLeuGln ThrTyrIle> 

1210 1220 1230 1240 1250 

■** ** ** ** ** 

GCTGCCGCCA CCCGCCCCCG GGCAGCCACC TGCTCTATGC CAAGATGATC 
CGACGGCGGT GGGCGGGGGC CCGTCGGTGG ACGAGATACG GTTCTACTAG 
ArgCysArgHis ProProPro GlySerHis LeuLeuTyrAla LysMetIle> 

1260 1270 1280 1290 1300 

** *★ ** ** ** 

CAGAAGCTAG CCGACCTGCG CAGCCTCAAT GAGGAGCACT CCAAGCAGTA 
GTCTTCGATC GGCTGGACGC GTCGGAGTTA CTCCTCGTGA GGTTCGTCAT 
GlnLysLeu AlaAspLeuArg SerLeuAsn GluGluHis SerLysGlnTyr> 
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1340 1350 
1320 ^° " - * 



1310 * * 



1370 1390 
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FIGURE 7 TRANSCRIPT 10 



(Sequence Range: 1 to 1534) 



10 20 30 40 50 

* * * * * * * * * * 

GTTTCCTTCT TCTGTCGGGG CGCCTTGGCA TGGAGTGGAG GAATAAGAAA 
CAAAGGAAGA AGACAGCCCC GCGGAACCGT ACCTCACCTC CTTATTCTTT 

MetGluTrpArg AsnLysLys> 

60 70 80 90 100 

* * * * * * * * * * 

AGGAGCGATT GGCTGTCGAT GGTGCTCAGA ACTGCTGGAG TGGAGGGGAT 
TCCTCGCTAA CCGACAGCTA CCACGAGTCT TGACGACCTC ACCTCCCCTA 
ArgSerAsp TrpLeuSerMet ValLeuArg ThrAlaGly ValGluGlyMet> 

110 120 130 140 150 

* * * * * * * ★ * * 

GGAGGCAATG GCGGCCAGCA CTTCCCTGCC TGACCCTGGA GACTTTGACC 
CCTCCGTTAC CGCCGGTCGT GAAGGGACGG ACTGGGACCT CTGAAACTGG 
GluAlaMet AlaAlaSer ThrSerLeuPro AspProGly AspPheAsp> 

160 170 180 190 200 

* * * * ** ★* ** 

GGAACGTGCC CCGGATCTGT GGGGTGTGTG GAGACCGAGC CACTGGCTTT 
CCTTGCACGG GGCCTAGACA CCCCACACAC CTCTGGCTCG GTGACCGAAA 
ArgAsnValPro ArglleCys GlyValCys GlyAspArgAla ThrGlyPhe> 

210 220 230 240 250 

** ** *★ *★ * * 

CACTTCAATG CTATGACCTG TGAAGGCTGC AAAGGCTTCT TCAGGTGAGC 
GTGAAGTTAC GATACTGGAC ACTTCCGACG TTTCCGAAGA AGTCCACTCG 
HisPheAsn AlaMetThrCys GluGlyCys LysGlyPhe PheArg* 1 



260 270 280 290 300 

** ** *★ ** ** 

CCCCCTCCCA GGCTCTCCCC AGTGGAAAGG GAGGGAGAAG AAGCAAGGTG 
GGGGGAGGGT CCGAGAGGGG TCACCTTTCC CTCCCTCTTC TTCGTTCCAC 

310 320 330 340 350 

** ** ★* ** ** 

TTTCCATGAA GGGAGCCCTT GCATTTTTCA CATCTCCTTC CTTACAATGT 
AAAGGTACTT CCCTCGGGAA CGTAAAAAGT GTAGAGGAAG GAATGTTACA 

360 370 380 390 400 

** *★ *★ ** ** 

CCATGGAACA TGC GGCGCTC ACAGCCACAG GAGCAGGAGG GTCTTGGCGA 
GGTACCTTGT ACGCCGCGAG TGTCGGTGTC CTCGTCCTCC CAGAACCGCT 
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410 420 430 440 450 

* * * * * * * * ★ *• 

AGCATGAAGC GGAAGGCACT ATTCACCTGC CCCTTCAACG GGGACTGCCG 
TCGTACTTCG CCTTCCGTGA TAAGTGGACG GGGAAGTTGC CCCTGACGGC 



460 470 480 490 500 

* * * * * * * * * * 

CATCACCAAG GACAACCGAC GCCACTGCCA GGCCTGCCGG CTCAAACGCT 

GTAGTGGTTC CTGTTGGCTG CGGTGACGGT CCGGACGGCC GAGTTTGCGA 



510 520 530 540 550 

* * * ★ ★ * * ★ * * 

GTGTGGACAT CGGCATGATG AAGGAGTTCA TTCTGACAGA TGAGGAAGTG 
CACACCTGTA GCCGTAC T AC TTCCTCAAGT AAGACTGTCT ACTCCTTCAC 



560 570 580 590 600 

* * * * ★ * * * * * 

CAGAGGAAGC GGGAGATGAT CCTGAAGCGG AAGGAGGAGG AGGCCTTGAA 
GTCTCCTTCG CCCTCTACTA GGACTTCGCC TTCCTCCTCC TCCGGAACTT 



610 620 630 640 650 

* + * * * * * ★ * * 

GGACAGTCTG CGGCCCAAGC TGTCTGAGGA GCAGCAGCGC ATCATTGCCA 
CCTGTCAGAC GCCGGGTTCG AC AGACTCC T CGTCGTCGCG TAGTAACGGT 

660 670 680 690 700 

** ** ** *★ 

TACTGCTGGA CGCCCACCAT AAGACCTACG ACCCCACCTA CTCCGACTTC 
ATGACGACCT GCGGGTGGTA TTCTGGATGC TGGGGTGGAT GAGGCTGAAG 



710 720 730 740 750 

** •** ** ** * * 

TGCCAGTTCC GGCCTCCAGT TCGTGTGAAT GATGGTGGAG GGAGCCATCC 
ACGGTCAAGG CCGGAGGTCA AGCACACTTA CTACCACCTC CCTCGGTAGG 



760 770 780 790 800 

** ** *★ ** 

TTCCAGGCCC AACTCCAGAC ACACTCCCAG CTTCTCTGGG GACTCCTCCT 
AAGGTCCGGG TTGAGGTCTG TGTGAGGGTC GAAGAGACCC CTGAGGAGGA 

810 820 830 840 850 

** ** * * ** ** 

CCTCCTGCTC AGATCACTGT ATCACCTCTT CAGACATGAT GGACTCGTCC 
GGAGGACGAG TCTAGTGACA TAGTGGAGAA GTC TGT ACT A CCTGAGCAGG 



860 870 880 890 900 

** ** ** ** ** 

AGCTTCTCCA ATCTGGATCT GAGTGAAGAA GATTCAGATG ACCCTTCTGT 

TCGAAGAGGT TAGACCTAGA CTCACTTCTT CTAAGTCTAC TGGGAAGACA 

910 920 930 940 950 

*★ ** ** ** + * 

GACCCTAGAG CTGTCCCAGC TCTCCATGCT GCCCCACCTG GCTGACCTGG 

CTGGGATCTC GACAGGGTCG AGAGGTACGA CGGGGTGGAC CGACTGGACC 
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980 990 100 °* 

970 98U * * 



1020 1° 30 

1010 xozu * * * „„„ 

™*r rTACTGCTGA AGTCAAGTGC 
TTC AGAGACC «« SS ££££ SS«Cr TCAGTTCACG 
AAGTCTCTGG AGTGGAGACT 

1070 1080 * 

1060 10 /u * * 

rTCCTTCACC ATGGACGACA 

SEES SSS5 SEES SS— — - 

1130 1140 * 

1110 1120 * * 



1160 I 170 * 



1180 I 190 



1230 1240 
1220 12iV 



1780 1290 13U " 

1260 1270 * • * * 

CTGGGGTGCA GGACGCCGCG 

SS5SS SSS5 SS55. 

1320 1330 134 * 

1310 l-i^u ^ * * 

* i^CACACTGC AGACGTACAT 

sees esse 

1360 li/u * * * 

^rrCA CCTGCTCTAT GCCAAGATGA 

SEES SSSSS SSSi 

GGCGA^ 1450 



1430 1440 
1420 1430 



1410 I 420 , * * 

ueo . - - ^ • 15 ° c ; 

«™ ss esse see. 

ATGGCGACGG AGAGGAAGGT CGGA 
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1520 



i«0 1530 
1510 152 ° 
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40 5 ° 



io 20 3 ° 

— «5S SSSS SSSS SSSS SSSSS 

ACGCTGGAAC CGCCAClu ^ 
60 ™ 8 2 * 

GACGCAGGGG = - cCGCTCCCTC SSSSS GATTCCGTCT 

CTGCGTCCCC GGGCCGGGTT ^ ^ 

HO 13 2 "* 

— c SSSSSK sss ssssss sssss 

TTCCTTCTCC CGCCACACAR tax ^ 

160 no 18 ° 1S * 

* * ^rrTCCCA TCCAGTCGTG 

TCCTAGACGC SSSS- 

AGGATCT GCG ACCATCTTTC ^ 

210 220 230 240 

„; =S c sss . g^c 

GCACGTCTTC GGAAACCCAG A ^ 
270 280 29 0 

26 * * m ^ TrvTTCAGGG ATGGAGGCAA 

SS SSSS SSSS aSragtccc =fJ 



310 3ZU 



340 



310 ° * 

410 «» "S 

TGCTATGACC — £ ™- ^ 
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510 520 530 540 550 

* * * * * 

GACAACCGAC GCCACTGCCA GGCCTGCCGG CTCAAACGCT GTGTGGACAT 
CTGTTGGCTG CGGTGACGGT CCGGACGGCC GAGTTTGCGA CACACCTGTA 
AspAsnArg ArgHisCysGln AlaCysArg LeuLysArg CysValAspIle> 

560 570 580 590 600 

* + * * * 

CGGCATGATG AAGGAGTTCA TTCTGACAGA TGAGGAAGTG CAGAGGAAGC 
GCCGTACTAC TTCCTCAAGT AAGACTGTCT ACTCCTTCAC GTCTCCTTCG 
GlyMetMet LysGluPhe IleLeuThrAsp GluGluVal GlnArgLys> 

610 620 630 640 650 

* * * * * 
GG GAG AT GAT CCTGAAGCGG AAGGAGGAGG AGGCCTTGAA GGACAGTCTG 
CCCTCTACTA GGACTTCGCC TTCCTCCTCC TCCGGAACTT CCTGTCAGAC 

ArgGluMetlle LeuLysArg LysGluGlu GluAlaLeuLys AspSerLeu> 

660 670 680 690 700 

***** 

CGGCCCAAGC TGTCTGAGGA GCAGCAGCGC ATCATTGCCA TACT GCTGGA 
GCCGGGTTCG ACAGACTCCT CGTCGTCGCG TAGTAACGGT ATGACGACCT 
ArgProLys LeuSerGluGlu GlnGlnArg IlelleAla IleLeuLeuAsp> 

710 720 730 740 750 

***** 

CGCCCACCAT AAGACCTACG ACCCCACCTA CTCCGACTTC TGCCAGTTCC 
GCGGGTGGTA TTCTGGATGC TGGGGTGGAT GAGGCTGAAG ACGGTCAAGG 
AlaHisHis LysThrTyr AspProThrTyr SerAspPhe CysGlnPhe> 

760 770 780 790 800 

***** 

GGCCTCCAGT TCGTGTGAAT GATGGTGGAG GGAGCCATCC TTCCAGGCCC 
CCGGAGGTCA AGCACACTTA CTACCACCTC CCTCGGTAGG AAGGTCCGGG 
ArgProProVal ArgValAsn AspGlyGly GlySerHisPro SerArgPro> 

810 820 830 840 850 

***** 

AACTCCAGAC ACACTCCCAG CTTCTCTGGG GACTCCTCCT CCTCCTGCTC 
TTGAGGTCTG TGTGAGGGTC GAAGAGACCC CTGAGGAGGA G GAGGAC GAG 
AsnSerArg HisThrProSer PheSerGly AspSerSer SerSerCysSer> 

860 870 880 890 900 

***** 

AGAT C ACT G T ATCACCTCTT CAGACATGAT GGACTCGTCC AGCTTCTCCA 
TCTAGTGACA TAGTGGAGAA GTCTGTACTA CCTGAGCAGG TCGAAGAGGT 
AspHisCys IleThrSer SerAspMetMet AspSerSer SerPheSer> 

910 920 930 940 950 

***** 

ATCTGGATCT GAGT GAAGAA GATT C AG AT G ACCCTTCTGT GACCCTAGAG 
TAGACCTAGA CTCACTTCTT CTAAGTCTAC TGGGAAGACA CTGGGATCTC 
AsnLeuAspLeu SerGluGlu AspSerAsp AspProSerVal ThrLeuGlu> 

960 970 980 990 1000 

***** 

CTGTCCCAGC TCTCCATGCT GCCCCACCTG GCTGACCTGG TCAGTTACAG 
GACAGGGTCG AGAGGTACGA CGGGGTGGAC CGACTGGACC AGTCAATGTC 
LeuSerGln LeuSerMetLeu ProHisLeu AlaAspLeu ValSerTyrSer> 
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1010 1020 1030 1040 1050 

***** 

CAT C CAAAAG GTCATTGGCT TTGCTAAGAT GAT AC C AG GA T T C AG AG AC C 
GTAGGTTTTC CAGTAACCGA AACGATTCTA CTATGGTCCT AAGTCTCTGG 
IleGlnLys VallleGly PheAlaLysMet IleProGly PheArgAsp> 

1060 1070 1080 1090 1100 

***** 

TCACCTCTGA G G AC C AG AT C GTACTGCTGA AGTCAAGTGC CATTGAGGTC 
AGTGGAGACT CCTGGTCTAG CAT G AC GAC T TCAGTTCACG GTAACTCCAG 
LeuThrSerGlu AspGlnlle ValLeuLeu LysSerSerAla IleGluVal> 

1110 1120 1130 1140 1150 

***** 

ATCATGTTGC GCTCCAATGA GTCCTTCACC AT G GAC GAC A TGTCCTGGAC 
TAGTACAACG CGAGGTTACT CAGGAAGTGG TACCTGCTGT ACAGGACCTG 
IleMetLeu ArgSerAsnGlu SerPheThr MetAspAsp MetSerTrpThr> 

1160 1170 1180 1190 1200 

***** 

CTGTGGCAAC CAAGACTACA AGTACCGCGT CAGTGACGTG ACCAAAGCCG 
GACACCGTTG GTTCTGATGT TCATGGCGCA GTCACTGCAC TGGTTTCGGC 
CysGlyAsn GlnAspTyr LysTyrArgVal SerAspVal ThrLysAla> 

1210 1220 1230 1240 1250 

***** 

GACACAGCCT GGAGCTGATT GAGCCCCTCA TCAAGTTCCA GGTGGGACTG 
CTGTGTCGGA CCTCGACTAA CTCGGGGAGT AGTT CAAGGT CCACCCTGAC 
GlyHisSerLeu GluLeuIle GluProLeu IleLysPheGln ValGlyLeu> 

1260 1270 1280 1290 1300 

***** 

AAGAAGCTGA ACTT G CAT GA GGAGGAG CAT GTCCTGCTCA TGGCCATCTG 
TTCTTCGACT TGAACGTACT CCTCCTCGTA C AG GAC GAGT AC C G GTAGAC 
LysLysLeu AsnLeuHisGlu GluGluHis ValLeuLeu MetAlaIleCys> 

1310 1320 1330 1340 1350 

***** 

CATCGTCTCC CCAGATCGTC CTGGGGTGCA GGACGCCGCG CTGATTGAGG 
GTAGCAGAGG GGT CTAGCAG GACCCCACGT CCTGCGGCGC GACTAACTCC 
IleValSer ProAspArg ProGlyValGln AspAlaAla LeuIleGlu> 

1360 1370 1380 1390 1400 

***** 

CCATCCAGGA CCGCCTGTCC AACACACTGC AGAC GTAC AT CCGCTGCCGC 
GGTAGGTCCT GGCGGACAGG TTGTGTGACG TCTGCATGTA GGCGACGGCG 
AlalleGlnAsp ArgLeuSer AsnThrLeu GlnThrTyrlle ArgCysArg> 

1410 1420 1430 1440 1450 

***** 

CACCCGCCCC CGGGCAGCCA CCTGCTCTAT GCCAAGATGA TCCAGAAGCT 
GTGGGCGGGG GCCCGTCGGT GGAC GAGAT A CGGTTCTACT AGGTCTTCGA 
HisProPro ProGlySerHis LeuLeuTyr AlaLysMet IleGlnLysLeu> 

1460 1470 1480 1490 1500 

* * * * * 

AGCCGACCTG CGCAGCCTCA AT GAGGAG C A CTCCAAGCAG TACCGCTGCC 
TCGGCTGGAC GCGTCGGAGT TACTCCTCGT GAGGTTCGTC ATGGCGACGG 
AlaAspLeu ArgSerLeu AsnGluGluHis SerLysGln TyrArgCys> 




WO 99/16872 PCT/AU 98/008 17 



20/20 

1510 1520 1530 1540 1550 

***** 
TCTCCTTCCA GCCTGAGTGC AGCATGAAGC TAACGCCCCT TGTGCTCGAA 
AGAGGAAGGT CGGACTCACG TCGTACTTCG ATTGCGGGGA ACACGAGCTT 
LeuSerPheGln ProGluCys SerMetLys LeuThrProLeu ValLeuGlu> 

1560 1570 

GTGTTTGGCA AT GAGAT CT C CTGA 
CACAAACCGT TACTCTAGAG GACT 
ValPheGly AsnGluIleSer ***> 
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— been amended and are the basis for this report and/or sheets containing rectifications made before this Authority 
(see Rule 70.16 and Section 607 of the Administrative Instructions under the PCT). 

These annexes consist of a total of 0 sheet(s). 



3. This report contains indications relating to the following items: 



| | Non-establishment of opinion with regard to novelty, inventive step and industrial applicability 
| | Lack of unity of invention 

Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 

| | Certain documents cited 
| | Certain defects in the international application 
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3. 



5. 



Basis of the report 



With regard to the elements of the international application:* 
fx] the international application as originally filed. 

| | the description, pages , as originally filed, 

pages 
pages 



, filed with the demand, 
, filed with the letter of 



I | the claims, 



| | the drawings, 



, as originally filed, 
, as amended (together with any statement) under Article 19, 
, filed with the demand, 
, filed with the letter of . 



pages 
pages 
pages 
pages 

pages , as originally filed, 
pages , filed with the demand, 
filed with the letter of 



| | the sequence listing part of the description: 

pages , as originally filed 
pages , filed with the demand 
pages , filed with the letter of 

With regard to the language, all the elements marked above were available or furnished to this Authority in the language in 

which the international application was filed, unless otherwise indicated under this item. 

These elements were available or furnished to this Authority in the following language which is: 

| | the language of a translation furnished for the purposes of international search (under Rule 23. 1(b)). 

| | the language of publication of the international application (under Rule 48.3(b)). 

[ | the language of the translation furnished for the purposes of international preliminary examination (under Rules 55.2 
and/or 55.3). 

With regard to any nucleotide and/or amino acid sequence disclosed in the international application, was on the basis of 
the sequence listing: 

| | contained in the international application in written form. 

| | filed together with the international application in computer readable form. 

| | furnished subsequently to this Authority in written form. 

[3c] furnished subsequently to this Authority in computer readable form. 

[ ~| The statement that the subsequently furnished written sequence listing does not go beyond the disclosure in the 

international application as filed has been furnished 
fx] The statement that the information recorded in computer readable form is identical to the written sequence listing has 

been furnished 

| | The amendments have resulted in the cancellation of: 
| 1 the description, pages 
| | the claims, Nos. 
| | the drawings, sheets/fig 

[ | This report has been established as if (some of) the amendments had not been made, since they have been considered 
to go beyond the disclosure as filed, as indicated in the Supplemental Box (Rule 70.2(c)).** 



Replacement sheets which have been furnished to the receiving Office in response to an invitation under Article 14 are referred to in this 

- ------ * • * ' - J amendments (Rules 70.1* ™* ™ 

and annexed to this report 



report as "originally filed" and are not annexed to this report since they do not contain amendments (Rules 70.16 and 70.17). 
** Any replacement sheet containing such amendments must be referred to under item 1 ar 
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V. Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 

citations and explanations supporting such statement 
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Novelty (N) 

Inventive step (IS) 



Claims 
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Claims 
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Claims 


1-25 
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Claims 




NO 


Claims 


1-25 


YES 


Claims 




NO 



Citations and explanations (Rule 70.7) 
Citations ' 
Dl. Miyamoto et al. Mol Endocrinology. 1997. 1 1(8): 1 165-1 179. 



Novelty and Inventive Step. 

The closest prior art is that of Miyamoto et al which discloses the presence and sequence of three exons, la, lb and lc at 
flie 5 * end of the human vitamin D receptor, and different isofbrms of the receptor produced by differential splicing 
involving these involving these exons. However the citation does not suggest or disclose the presence or DNA sequence 
of the Id, leor If exons of the present application. 

Therefore all claims are considered novel and inventive 



Industrial applicability 

All claims are considered industrially applicable. 
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VOL Certain observations on the international application 



The following observations on the clarity of the claims, description, and drawings or on the question whether the claims are fully 
supported by the description, are made: 



The claims are to any polynucleotide encoding any vitamin D receptor comprising one or more of the novel exons Id, 
le or If However the description only discloses vitamin D receptors comprising the novel exons in combination with 
other known Vitamin D exons. It is not considered that the description supports claims which encompass vitamin D 
receptor polynucleotides comprising presently unknown exons or other DNA sequences. 
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